WHAT'S KNOWN ON THIS SUBJECT: Pneumonia is a leading cause of hospitalization among children, and readmissions after discharge are common.
Hospital readmissions account for a large proportion of health care expenditures. 1 Readmission rates have been proposed as a marker of the quality of hospital care, and state and federal agencies have imposed financial penalties on institutions with high rates of readmission. 2 Although efforts to reduce readmissions have focused on chronic medical conditions, acute conditions account for a large proportion of readmissions in children. 3 Pneumonia is a leading cause of hospitalization among children, and readmissions after discharge are common. 3, 4 A better understanding of the patient and hospital characteristics associated with readmission among children previously hospitalized with pneumonia may help to target interventions to reduce unnecessary repeat hospitalizations and costs. However, few studies have tried to identify the factors associated with higher rates of pneumonia readmission. A previous study described variability in the 14-day readmission rates for children previously hospitalized with uncomplicated pneumonia in US children' s hospitals (range of 1.5%-4.4%). 5 In that study, readmission rates were not associated with diagnostic testing or with hospital length of stay (LOS), 5 but other factors were not assessed in detail.
The objectives of this study were to (1) characterize the rates of readmission within 30 days after discharge of children hospitalized with pneumonia, (2) compare readmission rates across US children' s hospitals, (3) identify patient-and hospital-level factors associated with readmission after pneumonia hospitalizations, and (4) evaluate the costs of readmissions relative to index admissions.
METHODS
We conducted a retrospective cohort study using data from the Pediatric Health Information System (PHIS), which contains administrative and resource utilization data from freestanding children' s hospitals. Participating hospitals are located in noncompeting markets of 27 states plus the District of Columbia and account for ∼15% of all pediatric hospitalizations in the United States. 6 Participating hospitals provide patient-level data, including demographic characteristics, diagnoses, and procedures, as well as billing data, which includes all medication, diagnostic imaging, laboratory, and supply charges to individual patients. All-Patient Refined Diagnosis-Related Groups (3M Health Information Systems, Provo, UT) also are assigned to each hospitalization by PHIS using the data supplied by participating hospitals and can be used to describe the principal reason for an admission. Data are de-identified before inclusion in the database; however, encrypted medical record numbers allow for tracking individual patients across hospital visits and admissions. The Children' s Hospital Association (Overland Park, KS) and participating hospitals jointly ensure the quality and integrity of the data, as previously described. 7 This study was approved by the institutional review board at Boston Children' s Hospital.
Children hospitalized for pneumonia at 1 of the 43 PHIS participating children' s hospitals between January 1, 2008, and December 31, 2011, were included. We defined pneumonia using a previously validated set of International Classification of Diseases, Ninth Revision (ICD-9) discharge diagnosis codes: (1) primary diagnosis of pneumonia (481-483.8, 485-486); or (2) primary diagnosis of pleural effusion (510.0, 510.9, 511.0, 511.1, and 511.9) and a secondary diagnosis of pneumonia. 8 This definition had a sensitivity of ∼72% and a specificity of 91% for providerconfirmed community-acquired pneumonia. 8 We excluded children who died during their hospitalization, as well as children with cystic fibrosis, in whom the diagnosis of pneumonia can be difficult to distinguish from an exacerbation of their underlying disease.
Outcome Measures

Readmission
Our primary outcome was all-cause readmission within 30 days after discharge of children hospitalized with pneumonia. Our secondary outcome was pneumonia-specific readmission, defined as a readmission within 30 days with an ICD-9 discharge diagnosis code for pneumonia in any primary or nonprimary position.
Costs
Costs were calculated for the initial (index) hospitalization, readmission, and combined costs, including the costs of the index hospitalization and any subsequent hospitalization(s) occurring within 30 days of the index hospitalization' s discharge date. All costs were estimated from charges reported to PHIS by using each hospital' s costto-charge ratio adjusted for hospital location by using the Centers for Medicare and Medicaid Services' price/wage index. 9 We calculated the overall costs for all pneumonia hospitalizations and also compared the costs for index hospitalizations with costs for hospitalizations that were readmissions.
Exposures
Hospital Characteristics
Hospitals were characterized based on geographic region (Northeast, South, Midwest, and West), 10 the annual number of hospitalizations (by quartile), annual number of pneumonia hospitalizations (by quartile), and payer-mix, based on the proportion using government-based insurance (by quartile).
Characteristics of Children
Demographic characteristics analyzed included age (0-30 days, 31-365 days, 1-4 years, 5-12 years, 13-18 years, or .18 years), gender, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, Asian, or other), and insurance type (percentage of children with government insurance). We combined commercial and other insurance into a single nongovernment insurance category because commercial insurance accounted for the vast majority of insurance types (∼77%). Nongovernment insurance included patients with commercial insurance as well as those categorized as self-pay, other, or missing. By using 5-digit zip code data, patients also were classified based on the distance of their residence from the hospital (,20 vs $20 miles), and median household income (#1.5 times the federal poverty level [FPL], 1.5-23FPL, .2-33FPL, and .33FPL).
The Agency for Healthcare Research and Quality Chronic Condition Indicator (CCI) classification system was used to identify the presence of a chronic medical condition, which categorizes more than 14 000 ICD-9 diagnosis codes into chronic versus nonchronic conditions. 11 Categorization of a chronic medical condition used diagnosis codes either during their index encounter or during the readmission, and was categorized as a binary indicator of presence, as well as by the number of CCIs (0, 1, 2, 3, $4) as a surrogate for medical complexity similar to previous studies. 3, 12, 13 Patients were additionally categorized based on the presence of an asthma diagnosis (493.3), as this condition may predispose a child to pneumonia, and because it is often difficult to distinguish asthma from pneumonia based on clinical or radiographic findings. Patients also were classified as requiring technology assistance if medical technology was used to maintain a child' s health status, such as a tracheostomy, cerebrospinal fluid ventricular shunt, or gastrostomy. 4 Patients were further characterized based on the number of hospitalizations in the year preceding the index hospitalization (0, 1, 2, $3), whether they were hospitalized for pneumonia in the previous year, the length of their index hospitalization (1-2 days, 3-7 days, or .7 days), and whether they received ICU care. Last, patients were classified based on whether they had an ICD-9 diagnosis code for complicated pneumonia, and whether they underwent a pleural drainage procedure. Complicated pneumonia was defined by the presence of empyema (510.0 and 510.9), pleurisy (511.0 and 511.1), pleural effusion (511.9), or abscess of lung (513.0), and pleural drainage was defined by ICD-9 procedure codes for thoracentesis (34.91), chest tube placement (34.04), video-assisted thoracoscopic surgery (34.21), and thoracotomy (34.02 and 34.09).
Statistical Analyses
Hospital-and patient-level characteristics were summarized using frequencies and percentages or median (interquartile range [IQR]) forcategorical and continuous variables, respectively. We derived multivariate logistic regression models to evaluate the independent role of patient-and hospital-level covariates on the odds of experiencing a 30-day readmission. Separate models were derived for all-cause and pneumonia-specific readmission. P , .05 was considered statistically significant for all analyses. All analyses were performed using SAS v.9.2 (SAS Institute, Cary, NC).
RESULTS
The study cohort consisted of 82 566 children hospitalized with pneumonia; median age was 3 years (IQR 1-7). Overall, 7.7% (95% confidence interval [CI] 7.5-7.9) of patients experienced an all-cause readmission within 30 days of their index pneumonia hospitalization discharge, and 3.1% (95% CI 2.9-3.2) experienced a pneumonia-specific readmission. Across hospitals, the median 30-day hospital-specific all-cause readmission rate was 8.1% (IQR 6.5-9.3), and pneumonia-specific readmission rate was 3.1% (IQR 2.5-3.9) (Fig 1) . For allcause readmissions, 16.7% occurred within 3 days after hospital discharge, 34.0% occurred within 1 week, and 58.5% occurred within 2 weeks after discharge (Fig 2) .
Hospital Characteristics Associated With Readmission
Hospitals located in the Northeast and Midwest had higher 30-day all-cause readmission rates than other hospitals (Table 1) . Although the annual volume of all hospitalizations was not associated with 30-day readmission rates, hospitals in the upper quartile of pneumonia hospitalizations had 22% lower odds of experiencing a 30-day readmission for any cause compared with hospitals in the lowest quartile after adjustment. Hospital payer-mix was not associated with readmission rates.
Patient Characteristics Associated With Readmission
Compared with children 1 to 4 years of age, children ,1 year of age were more likely to experience a readmission after pneumonia hospitalization; children ,1 month of age experienced nearly twice the odds of readmission (adjusted odds ratio [OR] 1.96, 95% CI 1.33-2.87) ( Table 2) . Readmission was not associated with gender, race/ ethnicity, insurance type, proximity to the hospital, or median household income. Children with asthma had lower odds of 30-day readmission than children without asthma, and children with technology dependence had higher odds of experiencing a pneumonia-specific readmission than those without such dependence.
Increased number of previous hospitalizations and increased LOS were both associated with readmission after hospitalization for pneumonia. Children receiving intensive care were not more likely to experience a readmission after other factors, including LOS, were accounted for in the analyses, although median hospital LOS was longer for these children (7 vs 2 days; P , .001).
Compared with children with uncomplicated pneumonia, children with complicated pneumonia who did not have a pleural drainage procedure were more likely to experience a readmission within 30 days, whereas this association was not observed among those who underwent a drainage procedure.
Children with CCI(s) were more likely to experience an all-cause (OR 3.01, 95% CI 2.82-3.21) and pneumonia-specific readmission (OR 1.84, 95% CI 1.69-2.01) within 30 days after hospital discharge compared with children without a CCI. Compared with children without a CCI (all-cause 30-day readmission rate
FIGURE 1
All-cause and pneumonia-specific 30-day readmission rate by hospital. The total height of the bar represents the median hospital all-cause readmission rate.
FIGURE 2
Thirty-day readmissions by day (0-30) after hospitalization for pneumonia. ARTICLE PEDIATRICS Volume 134, Number 1, July 2014= 3.7%), children with a CCI involving the nervous system, digestive system, or circulatory system were more likely to experience an all-cause readmission (17%, 18%, and 19%, respectively; Fig 3) . Children with a CCI involving the respiratory system did not have increased odds of either all-cause or pneumoniaspecific readmission (Supplemental Table 5 ). Approximately 20.4% of children with conditions influencing health status (such as technology dependence) experienced a readmission within 30 days after pneumonia hospitalization.
Reasons for Readmission
Eight diagnosis categories accounted for .54% of readmissions within 30 days of index hospitalization discharge. Pneumonia was the most common, responsible for 22.6% of all readmissions (Table 3) .
Costs
The total cost for all pneumonia hospitalizations was ∼$1.0 billion (index and readmission costs combined). Of these total costs, readmissions accounted for $163 million (16%), despite accounting for only 7.7% of total pneumonia hospitalizations during the study period ( Table 4 ). The median cost of the index admission increased with increasing number of CCIs (P, trend , .001), and also was higher for children with complicated versus uncomplicated pneumonia. The median cost of a readmission was higher than for an index admission ($11 344 vs $4495, respectively; P = .01); however, the difference in cost was not significant among children with an index hospitalization of .7 days of duration, and for those undergoing a pleural drainage procedure on their index admission (Table 4) .
DISCUSSION
In this national cohort of children hospitalized with pneumonia at US children' s hospitals, we identified that young age, presence of chronic comorbidities or complicated pneumonia, and care in hospitals with lower volumes of admissions for pneumonia were associated with an increased risk of readmission. Readmissions usually occurred shortly after hospital discharge, with more than one-third occurring within 1 week. The median cost of a readmission was more than twice that of an index hospitalization, and although only 8% of children hospitalized with pneumonia experienced a readmission, these readmissions accounted for 16% of the total pneumonia hospitalization costs. Pneumonia is the third leading cause of pediatric readmissions, after only seizures and bronchiolitis, and accounts for 3.2% of all 30-day readmissions. 3 Given the variability in readmission rates among hospitals in the current study, and the importance the Centers for Medicare and Medicaid Services has placed on readmissions for pneumonia in adults, 14 pneumonia is a valid focus of pediatric readmission reduction efforts.
More than one-third of readmissions for childhood pneumonia occur within 1 week after hospital discharge, a period in which patients are vulnerable to deterioration of their respiratory status from underlying pneumonia and susceptible to other disease conditions. This observation should focus attention on providing anticipatory guidance to patients likely to return, and on improving coordination of care with outpatient providers and reinforcing the importance of follow-up within a few days of discharge. Interventions, such as comprehensive discharge planning, 15 and communication with primary care providers at the time of discharge, have been shown to reduce readmissions after hospitalization in adults. 16 Discharge guidelines and clinical pathways have been shown to reduce readmissions after hospitalization for other respiratory conditions, such as bronchiolitis 17 and asthma 18 in children.
Although we observed no association between overall hospital volume and pneumonia readmissions, we did find that hospitals with higher volume of pneumonia hospitalizations had lower readmission rates. Similar to the observation that hospitals that perform more surgical procedures have lower rates of surgical readmissions, [19] [20] [21] our data suggest that the same paradigm might apply to medical conditions, such as pneumonia. It is conceivable that hospitals with more experience with a given condition, be it medical or surgical, may become more adept at dealing with all aspects of care, including discharge planning and condition-specific follow-up care.
Infants and children ,1 year of age were nearly twice as likely to experience a readmission compared with older children, a finding that highlights the challenges of managing pneumonia in this age group. Pneumonia in infants ,1 year is often caused by viruses, which have a protracted and waxing and waning course that can make it
FIGURE 3
All-cause and pneumonia-specific 30-day readmission rate by chronic medical condition. difficult to assess readiness for discharge and predict the need to return. Studies of children with asthma 22, 23 and a single-center study evaluating preventability of readmissions in children 24 also have found higher rates of readmission for children ,1 year, which further emphasizes the need to improve inpatient decision-making in this age group.
The cost of readmissions for pneumonia is substantial; repeat hospitalizations account for .16% of all costs for pneumonia in children. The cost of a readmission in our study was higher than for an index hospitalization.
Interventions that effectively prevent costly readmissions may have important implications for reducing health care costs. New legislation enacted through the Affordable Care Act allows the Centers for Medicare and Medicaid Services to institute penalties for hospitals in which readmission rates are greater than expected for adults with pneumonia. 25 However, there remains debate over the use of readmissions as a measure of hospital care quality, particularly in pediatrics. Although our data show a significant cost associated with readmissions after pneumonia hospitalization, one study found that only 20% of all readmissions in children were likely preventable, and suggested targeting interventions to those patients at higher risk. 26 Although this study did not examine other respiratory conditions specifically, they constitute a group in whom effective discharge planning has been shown to reduce readmissions. 17, 18 Thus, evaluation of similar approaches to reduce readmissions after hospitalizations for pneumonia is warranted.
Children with complicated pneumonia (primarily parapneumonic effusions) who did not undergo a pleural drainage procedure were 30% more likely to experience an all-cause readmission, and 80% more likely to experience a pneumonia-specific readmission compared with children without complicated pneumonia. In contrast, children with complicated pneumonia who underwent a pleural drainage procedure had readmission rates similar to children without complicated pneumonia. Additional studies addressing this intriguing observation would be helpful.
Children with chronic medical conditions were more likely to experience a readmission after pneumonia hospitalization, and the rate of readmission increased with increasing number of chronic medical conditions. A singlecenter study of readmissions in children observed that 78% of children experiencing a readmission within 15 days had a chronic condition, 24 and the presence of a chronic condition also increased the odds of readmission among children with asthma. 27 Similar to a pattern observed in adults, 28 we found that a history of previous hospitalizations increased the odds of readmission after discharge for pneumonia. Children with high-complexity illnesses should undergo extensive discharge planning, and safeguards should be enacted to ensure these patients are indeed ready for discharge.
This study is subject to several limitations inherent to retrospective studies of this nature. We relied on available clinical and administrative data to assess and account for differences in illness severity at the patient or hospital level. Thus, residual confounding cannot be ruled out. We also were unable to ascertain the necessity of the readmission or the criteria used to decide to readmit among and within participating hospitals. Although our all-cause readmission definition may include hospitalizations not related to the index pneumonia hospitalization, many all-cause readmissions were respiratory-related and several were specifically coded for pneumonia, suggesting that these readmissions were likely related to the index hospitalization. It also is possible we would underestimate rate of readmission if the child was rehospitalized at a different institution.
Although disease misclassification is always a concern with administrative data, our pneumonia case-definition used validated criteria with a high specificity, making false-positives (ie, children with a pneumonia code who do not have pneumonia) uncommon. 8 We also were unable to evaluate care provided in the outpatient setting after index hospitalization (ie, care that may have prevented rehospitalization). Outpatient care after hospitalization has been shown to reduce readmissions among patients with sickle cell disease 29 and heart failure, 30 and those patients lacking timely primary care follow-up are more likely to be readmitted. 31 Our study was conducted among children cared for at freestanding pediatric hospitals, and such hospitals care for a higher proportion of children with comorbidities; thus, our findings may not be generalizable to nonchildren's hospitals. 4 Last, we are unable to estimate the baseline rate of pneumonia hospitalization in our study, which is important considering the rate of hospitalizations may be a strong predictor of readmission. 32 
CONCLUSIONS
Approximately 8% of children experience a readmission within 30 days of pneumonia hospitalization, and children ,1 year of age and those with chronic medical conditions are at higher risk of readmission. The costs associated with pneumonia readmissions are substantial. Our findings may help to target interventions and provide anticipatory guidance for clinicians and for patients at greatest risk of hospital readmission.
